Fabrication process for the neural ribbon electrode
The fabrication process follows standard photolithographic and clean room procedures.
The detailed process is shown in Figure S1 . Firstly, a 1 µm thick aluminum (Al) layer was evaporated onto the silicon substrate by physical vapor deposition ( Figure S1 Figure S1(b) ). The base polyimide layer was cured at 300 °C in N 2 for 0.5 h. This baking process was designed to only partially evaporate the water in the polyimide layer. In this way, it would create a chemically and physically stable surface for further processing, while still leaving some unterminated bonds to attach the top polyimide layer [1] . After that, a layer of AZ 9260 (AZ Electronic Materials, USA) was spun onto the polyimide base layer. This AZ layer was exposed and the electrode traces were patterned. A layer of 20 nm chrome (Cr) was deposited to improve the adhesion of the next conduction layer by sputtering. After a 350 nm thick gold layer was deposited ( Figure S1(c) ), the conductive metal layer was patterned by lift-off process in acetone ( Figure S1(d) ). Another 5 µm thick top layer of polyimide was spun onto the processed metal layer and patterned to expose the sensing contacts and connection pad ( Figure S1(e) ). The inset in Figure S1 (e) demonstrates the concave openings of the contacts.
Then, a 20 µm thick SU-8 2025 was spun onto the polyimide layer. After development, the SU-8 protruding bumps were patterned exactly on the top of the sensing contacts ( Figure   S1 (g)). A stainless steel shadow mask was applied to the surface of the patterned neural ribbon device. Since the diameter of the holes on the shadow mask was larger than the diameter of the SU-8 bumps, the SU-8 bumps were fully exposed with careful alignment.
Next, the chip covered with the shadow mask was loaded on a rotational and inclined stage in the sputtering chamber. The SU-8 bumps, as well as the underlying sensing contacts, were sputtered with a layer of 300 nm Au ( Figure S1(h) ). In this way, the protruding SU-8 bumps were turned into conductive structures. The conventional approach to remove the sacrificial layer is through a wet etching process. However, the residue stress leads the released thin film structure to deform [2] . Instead, we adopted an anodic metal dissolution approach to release the whole device that not only could ensure a flat planar structure was released, but also was significantly faster than the traditional wet etching process [3] . The detailed release process has been described in our previous work [4] . Briefly, the wafer was immersed in a 2 M NaCl solution and connected to an external positive terminal of a voltage source at 1 V. A platinum (Pt) mesh electrode was connected to the negative terminal. A magnetic stir bar was also put inside the solution to keep the concentration of NaCl uniform. After around 20 minutes, the exposed portions of the Al sacrificial layer were removed, and only the covered portions of the Al sacrificial layer were left. Since the contact area between the Al sacrificial layer and the NaCl solution decreased, the current dropped, and the Al etching rate was reduced. Thus, the voltage was then increased to 20 V to speed up the release process. After the entire Al sacrificial layer was removed in 2 hours, the final device was released ( Figure S1(i) ). Then, the released device was packaged and a layer of carbon nanotubes were electroplated onto the electrode contacts to minimize the electrode impedance ( Figure S1(j) ).
Figure S1
. Fabrication process of the neural ribbon electrode.
Verification of neural signals
In order to verify that the signals recorded by the neural ribbon electrodes were neural signals, a nerve blocker (1% lidocaine) was applied to the nerve trunk distal to the split-ring electrode. After 10 minutes, all the neural signals on the nerve branches evoked by the nerve stimulation disappeared. One example of 0.6 mA stimulation through Contact 1 and Contact 2 is shown in Figure S2 . It is a comparison of recorded signals from the tibial nerve before and after the nerve blocker was applied. Without the nerve blocker, the evoked ENG signals were obvious after the artifact ( Figure S2 (a) ). However, after the nerve blocker was applied, these neural signals vanished ( Figure S2 (b) ).
Figure S2 Comparison of neural activity before and after nerve blocker was applied.
Velocity measurement is another approach to verify that the recorded signal was neural in nature. During the experiment, the latency and the distance between the split-ring electrode and neural ribbon electrode were measured to calculate the nerve conduction velocity. The latency for the CAP signal in each implanted neural ribbon was obtained under different stimulation. The result is shown in Figure S3 . Since the neural ribbon electrodes that were implanted on the nerve branches were 2.5 cm away from the split-ring electrode, the [5] . Phosphate buffered saline (PBS) was used as the medium. A sinusoidal wave with an amplitude of 50 mV and frequencies from 0.7 Hz to 100 kHz was applied. Three electrode configuration was adopted in the testing procedure with a sliver/silver chloride (Ag/AgCl) electrode acting as a reference, while a Platinum wire served as the counter electrode. The output impedance was recorded in vitro with Autolab PGSTAT100N and plotted here. At 1
